Aerobiological and clinical studies in mould allergy by Beaumont, Frits
  
 University of Groningen
Aerobiological and clinical studies in mould allergy
Beaumont, Frits
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1985
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Beaumont, F. (1985). Aerobiological and clinical studies in mould allergy. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
SUMMARY
This thesis details an investigation into the occurrence of mould spores
in the surrounding atmosphere, both in- and outdoors. Data was gathe-
red on the influence of seasons and meteorological factors. The recor-
ded types and concentrations of spores were related to the sensitization
of patients with CARA (Chronic Aspecific Respiratory Disease), and
ABPA (Allergic Bronchopulmonary Aspergillosis).
Chapter 1 introduces the mycology of fungi, especially those which
could be of importance in the respiratory system.
In Chapter 2 a number of different methods used to sample the air
for fungal spores, are reviewed. The advantages and disadvantages of
the various spore traps are discussed. The following arguments are gi-
ven for the choice of the Andersen-sampler in this investigation: 1. the
sampler is easy to transport, which is important when sampling in the
patients' immediate surroundings; 2. determination of the many fungal
colonies is more accurate than with the 'non-viable' techniques. This
is especially true for small spores, such as Aspergillus and Penicillium;
3. if necessary the colonies can be further processed for obtaining ex-
tracts for allergy tests; 4. the sampler separates pores according to size
which corresponds to the manner of deposition in the human airways;
5. in the international iterature the use of the Andersen-sampler isfre-
quently reported in aerobiological studies, which facilitates the compa-
rison ofresults.
The Burkard-trap, which is also frequently used, was considered less
suitable for this investigation for the following reasons: L. the sampler
is difficult to transport for in-home studies and it is not possible to sam-
ple in several rooms sequentially;2. accurate identification of many
spore types is difficult and further processing to obtain extracts is im-
possible.
In Chapter 3 the author's experiences with the Andersen sampler du-
ring the preparatory stage ofthe aerobiological study are reported. The
optimal sample time was found to be 10 minutes. The use of one Petri
dish in the sixth 'stage' of the sampler gave comparable results with res-
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: to counts and identif ication, as did six plates in the sampler (the
antage lay in a decrease of work involved; the disadvantage was that
as no longer possible to separate particles according to size). Samp-
--- o ir rooms gave highly variable results depending on air turbulence
and possibly also on the size of the room. The most reproducible scores
were obtained when the air was sti l l , and it is therefore important to
avoid disturbing the air during sampling. New colony growth in the Pe-
tri dishes was found up to 10-14 days after incubation at28"C.
Chapter 4 is a l iterature review of aerobiological studies done in and
outside Europe since 1958. The literature up unti l 1958 has been revie-
wed in detail by Van Der Werff in the monograph 'Mould fungi and
bronchial asthma'. In Europe the most frequently occurring fungi, ran-
ked according to frequency ofoccurrence, are:
I. Cladosporium, 2. Ascomycetes, 3. Sporobolomyces, 4. Basidiomy-
cetes, 5. Aspergillus, 6. Penicillium,'7. Yeasts, 8. Ustilago, 9. Alterna-
ria.
The studies performed outside Europe show in general the following
most frequently occurring spores listed according to order of occurren-
ce:
l. Cladosporium, 2. Penicillium, 3. Yeasts, 4. Alternaria, 5. Aspergil-
lus, 6. Aureobasidium, 7. Helmindosporium, 8. Fusarium,9. Epicoc-
cum.
The differences between the European and non-European studies
can be partly explained by the different samplers used, but one could
also expect real differences in the pattern of spore occurrence. In Euro-
pe 'non-viable' techniques are mostly used, whereas outside Europe
the'viable'methods are more common. For this reason Asco- and Basi-
dio-spores would be less frequently observed in the non-European stu-
dies, which does not mean that these moulds actually occurr less fre-
quently. The importance of using comparable sampling techniques is
stressed.
Chapter 5 is a l iterature review of clinical investigations into the sen-
sitization to fungi. Those studies that report corresponding aerobiologi-
cal data are summarized in table form. The studies differ greatly in pur-















tablishing a list ranking the degree and frequency of sensitization in an
atopic population is also difficult owing to the differences in patient se-
lection, moulds to be tested, strength of the extracts, and the scoring
of the skin tests. For example, in the United States, positive skin tests
for Cladosporium and Alternaria are reported far more frequently than
in Europe. The frequency of the positive skin test is also highly varia-
ble, from 4Vo to more than 50Vo, depending on the patient selection.
European studies generally report between 5 and10Vo.
An investigation into the occurrence of airborne moulds in the Nor-
theast of the Netherlands is reported in Chapter 6. From April 1981 un-
til July 1983, weekly air samples were taken on the roof of the Hospital
'Beatrixoord'in Flaren, Groningen. The average number of colonyfor-
ming units (CFU) was 258 per m'per sampling. Seventy five percent
of the total catch was found to consist of 7 fungal types, as follows, listed
inorderof frequency: l. Cladosporium,2. Botrytis,3. Yeasts,4. Peni-
cillium,5. Basidiomycetes, 6. Aspergilhrs, and 7. Alternaria. This or-
der of occurrence is in reasonably good agreement with other European
studies, although finding Botrytis in second place differs from other re-
ports, and is worthy of comment. The remaining twenty-five per cent
consisted of sterile mycelia and unidentified colonies, the latter due to
overgrowth by other fast growing colonies. Fourteen other mould gene-
ra were found in the atmosphere; together, however, they were less
than one per cent ofthe total.
A clear seasonal influence was found, the highest otal mould counts
were found in the summer, with increases in Cladosporiumand Botrytis
especially. In the autumn Penicillium, Aspergillus, and Basidiomycetes
were increased, while Aspergillus was the most dominant spore during
the winter months. Momentary weather changes had only shortlived
influence on the occurrence of airborne moulds and had no effect on
the typical seasonal averages.
In chapter 7 a study of mould spores in and around the homes of 28
CARA patients with positive skin tests for moulds is described. Penicil-
lium was found to be the most frequently occurring mould, making up
80.5Vo of the indoor fungal population, and, surprisingly,52Vo f that
immediately outside the house. In absolute numbers Penicilliumoccur-


















doors were Botrytis, Cladosporium, and Aspergillus, and once again
seasonal changes were observed. Penicillium, for example, scored an
average of 654 CFU/m'in the winter as opposed to only 96 CFU/m'du-
ring the summerperiod.
Exposure to mould spores in the immediate l iving surroundings of
the patients was found to be of quite a different nature i. e. both in spore
type and quantity, to that in the 'general' outside air as was described
in Chapter 6. Also the 'peak-load' in mould allergens showed diffe-
ring patterns in- and outdoors. Indoors, Penicil l ium-'clouds' were so-
metimes found while outdoor it was often Cladosporiurn found in this
form. On the other hand, Aspergillus can be inhaled throughout the
year, indoors as wel as out.
Chapter 8 reports a study of the possible correlation between moulds
in the prevail ing atmosphere, as described in Chapter 6, and the sensiti-
zation of a group of patients suspected of CARA and allergy (N : 833).
The direct reaction to subcutaneous skin tests were measured and only
a reaction greater than 10 mm (2+) was recorded as positive and as pos-
sibly clinically relevant. It was found that the degree of sensitization to
fungi did not correspond to the frequency of occurrence in the local at-
mosphere. For example, the number of positive reactions Ío Cladospo-
rium was only 2.37o and to the relatively rare Beauveria, 6.8Vo (in72
patients). Aspergil lus scored comparatively high in the skin tests with
4.7Vo, while the percentage in the atmosphere was 3.'7Vo. In the total
patient group the percentage of positive skin reactions for one or more
mouldswas 4.6Vo.
The difference in the abil ity of the various fungal 'air spora' (viable and
non-viable spores, spore clusters and mycelium threads) to cause sensi-
tization is remarkable. The following factors could possible play a role:
the size of the spore; the abil ity to germinate in airways - a temperature
dependent process (e.g. 37"C is optimal for Aspergillus but not for Peni-
cillium) - the readiness with which the spore can be phagocytosed by
the alveolar macrophages and polymorph nuclear granulocytes which
is, in turn , possibly dependent on the composition of the spore wall .
It is concluded that moulds in general play only a minor role as possible
allergens responsible for CARA complaints, certainly when one takes
into account simultaneous sensitization to other inhalation allersens.
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In Chapter 9 an investigation into the possible relationship between
changing concentrations of airborne mould spores and changing de-
grees of bronchusobstruction is reported. Eight CARA patients with
positive skin tests and a positive RAST (Radio allergosorbent test) for
one or more fungi were followed. Regular sampling of the air in their
immediate l iving environment was performed over a period of l-2
years. The patients recorded any complaints and their Peak-flow (PF)
values. In seven out of the eight cases Penicillium dominated; Alterna-
riawas the most frequently found spore type in one patient. Sixty-six
per cent of the reported increases in bronchusobstruction were in the
period from July to November, while in the same period 56Vo of all high
spore counts (> 500 CFU/m') were recorded. There was a significant
relationship between low PF values on days with the highest spore
counts compared with PF values on days with low concentrations. Oc-
casionally a particular mould could be assumed responsible for simulta-
neously occurring obstructive complaints. However, generally this was
not the case.
It is concluded that bronchusobstructive reactions occurr more fre-
quently in periods with higher concentrations of moulds spores. It is
possible that a summation effect occurs, in which other allergens also
play a role. The proof that a particular mould is responsible for the ob-
structive reaction at that moment, could only be obtainable by inhala-
tion provocation studies with the moulds that were found at that parti-
cular t ime in the immediate environment of the patient.
Chapter 10 reports an exploratory study into the occurrence of Asper-
gll/us spores in the immediate living environment of two patients with al-
lergic-bronchopulmonary aspergil losis (ABPA). The aim of the inves-
tigations was twofold: is there a specific source from which large num-
bers of Aspergillus spores disperse, and is there a connection between
exacerbations of the i l lness and the occurrence of particular mould con-
centrations? A remarkable observation was the absence, during the pe-
riod of investigation, of exacerbations that were frequently seen in ear-
l ier periods. This could be a result of the patients obtaining information
about the source of the mould as discovered during the course of the
study. At the first patient's home, a haysted was found to contain large
numbers oï Aspergillus, and high scores were sometimes found in a
greenhouse belonging to the second patient. Apart from this, low
T6'
counts were generally registered at this patient's house, most likely too
low to cause aggrevation of the illness. The patients did, however, re-
gister lower PF values during periods of higher numbers of Aspergilhts
in the outside air.
The conclusion is drawn from this study that undertaking an aerobiolo-
gical investigation in the immediate living environment of patients with
ABPA is useful in tracking down a potential source of allergen, thus
leading to its elimination or avoidance of exposure.
In Chapter 11 a more detailed study of immunological changes in se-
rum and broncho-alveolar lavage fluid in a patient with ABPA is pre-
sented. IgG, IgA, IgM antibody concentrations were determined by
the ELISA method (Enzyme-linked immunosorbent assay). The ELI-
SA-IgG antibody levels were higher than IgA and IgM and ran clearly
parallel with the various stages of illness, i.e. from an acute phase to
remission to exacerbation. It was concluded that IgG-ELISA measure-
ments were preferred as an indicator of sickness activity over an exten-
ded period, and these measurements appeared to be more sensitive
than the double-immuno-diffusion technique which used to be em-
ployed for this purpose. In addition, the levels of specific igE in serum
remained elevated in the remission phase, possibly as a reflection of
continuing exposure to low numb erc of. Aspergil/as pores.
The data from broniho-alveolar lavage were obtained during the acute
and the remission phase of the ABPA. Proteins such as albumine, IgG,
IgA, and IgM transudate to the broncho-alveolar compartment during
the acute phase. During a non-active phase, normal values were found,
except for the specific anti-Aspergillus IgA. This antibody is produced
locally and remains increased, possibly as a result of continued exposu-
re to spores. Further indication that the local immune reactions do not
completely disappear is shown by the continued presence of polymorph
nuclear granulocytes in the lavage fluid and the above mentioned speci-
fic IgE in serum.
General conclusion:
Aerobiological investigations into the occurrence of mould spores
shows a difference between indoors and out: a. indoors the total spore
count per m' is generally higher than outdoors, b. the type of mould








indoors and immediately out of doors, and more Cladosporium and B o-
trytis in the overall outside atmosphere. These results show that the oc-
currence of moulds is largely dependent on the domestic conditions and
that aerobiological measurements outdoors (in the'general' atmosphe-
re) are not directly relevant. This is in contrast to aerobiological pollen
studies.
Sensitization to fungi was found in 4.6Vo oïpatients with CARA. Those
genera that frequently give positive skin tests are not necessarily those
most frequently occurring in the inhaled air. A relationship between
the occurrence of bronchusobstructive complaints and the (increased)
occurrence of certain moulds in the air could only be shown in part. Ho-
wever, in patients with ABPA, exposure to Aspergillus spores appea-
red to be an important factor in the course of the illness.
Continuous sampling of the air in the immediate surroundings of the
patient and the identification of all spore types is important in order to
determine which types and concentrations of moulds can initiate bron-
chusobstructive reactions. For practical reasons such a study isdifficult
to carry out. However, the recently introduced immuno-chemical de-
termination of antigen levels in the atrnosphere should greatly help in
achieving this goal.
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